Commercial guava orchards have been destroyed in the São Francisco river Valley, northeastern Brazil, by the Meloidogyne enterolobii nematode but to date no effective control has been identified. The objective of the present study was to obtain and assess interspecific hybrids between Psidium guajava × P. guineense for tolerance to M. enterolobii, for use as guava rootstock or in genetic studies. Crossings were made between P. guajava GUA 161 PE accession and the P. guineense ARA 138 RR and ARA 153 BA accessions. The crossings were made when the calyx ruptured on the flower buds, and two SSR microsatellite markers were used to confirm the hybridization. When the plants reached 15 to 20 cm in height, they were inoculated with a suspension containing 10,000 nematode eggs. Four months after inoculation, the soil was removed from the plants and individual evaluation was carried out for the number of galls, number of eggs and reproductive factor (RF). The plants in the two crossings were considered as hybrids when genotyped with the mPgCI 251 and mPgCI 252 loci. The 10 plants from the 161 PE × ARA 138 RR cross assessed were tolerant to the nematode, with gall index and RF equal to zero. Seven of the 10 plants of the GUA 161 PE × ARA 153 BA cross assessed were considered susceptible to the nematode. The results suggested variability for tolerance among P. guineense accessions and that tolerance to the nematode could be conferred by a dominant allele. Plants of the interspecific hybrid grew similarly to the guava trees at eight months of age in field and were highly compatible with 'Paluma' guava, indicating that this strategy can present excellent results in controlling M. enterolobii.
INTRODUCTION
Meloidogyne enterolobii is a nematode that continues to severely damage all the guava production chain in the São Francisco river Valley, infesting an area of about 5000 ha. It has caused direct losses of 108,289,900.00 reais (Brazilian currency) to the guava producers and the loss of 3,650 direct jobs in the region until 2008. The losses caused by this nematode in five Brazilian states were of the order of 112.7 million reais (Pereira et al., 2009 ). This pathogen was first reported in guava tree root systems in Brazil in the region of the São Francisco river Valley (Carneiro et al., 2001) .
Management studies have considered biological control, crop management, applying systemic nematicides and using tolerant species of the Psidium genus as root stock for commercial cultivars. However, to date results have not been satisfactory for the effective control of this nematode (Carneiro et al., 2007; Almeida et al., 2011) .
The source of tolerance to the nematode in P. guajava has not been successfully identified (Carneiro et al., 2007; Almeida et al., 2009) . The search for the source of tolerance to M. enterolobii in wild Psidium species (Cuadra and Quincosa, 1982; Carneiro et al., 2007; Almeida et al., 2009 ) resulted in identifying tolerance sources, but has presented limited or complete incompatibility when used as rootstock for commercial guava trees cultivars (Carneiro et al., 2007; Almeida, 2008; Castro et al., 2012) . These studies to identify resistance sources did not result in commercial application of the results.
To date, the development and assessment of interspecific hybrids among plants of wild Psidium species and susceptible guava tree plants have not been emphasized that could break the incompatibility, the main limitation of use of wild Psidium species. Interspecific hybrids among Psidium species were reported by Pereira and Nachtigal (2003) and Pommer and Murakami (2009) suggesting that the option of hybrids or segregant tolerant to the nematode may be the best option of genetic control. It should be further emphasized that the Psidium genus consists of over 150 species, including the araçazeiros, a term used indiscriminately for species that occur spontaneously in Brazil (Raseira and Raseira, 1996) .
The objective of the present study was to obtain and assess interspecific hybrids between P. guajava × P. guineense for tolerance to the nematode, for use as guava tree rootstock and in future genetic studies, such as mapping of tolerance in segregant generations of the interspecific hybrids.
MATERIAL AND METHODS
The crosses between P. guajava (female parent) and P. guineense (male parent) were made in the first half of 2010. A susceptible plant from the P. Guajava GUA 161 PE accession and tolerant plants from the P. guineense ARA 138PE and ARA 153 BA accessions were used in the hybridizations. These accessions had been assessed previously for reaction to the nematode, either in a greenhouse or in the field, and the plants with or without symptoms to the nematode had been established for around four years in the experimental field station, Embrapa Tropical Semi-arid, Petrolina, Brazil.
The female parent flower buds in the pre-anthesis, with a ruptured calyx, were emasculated by removing the petals, sepals and anthers, using pointed scissors and tweezers, following the procedure described by São José and Pereira (1987) . The male parent flowers were collected in fully identified in Petri dishes. Three pollinations were made: at emasculation, 24 and 48 hours after emasculation. The flower buds were labeled with the parent information and protected with transparent bags for 15 days.
After ripening, the fruit were collected, the seeds removed and washed in running water and dried at room temperature for 24 h. The seeds were sown in 20-L plastic pots containing autoclaved soil and Plantmax ® at the ratio of 1:1. When the plants reached 6 to 8 cm height they were replicated to 22×30 cm polyethylene plastic bags in a greenhouse.
When the plants were 15 to 20 cm in height, they were inoculated with a suspension containing 4,000, 8,000, 10,000 and 12,000 M. enterolobii eggs. The inoculum was prepared by extracting the eggs from tomato plant roots infected by the nematode as recommended by Hussey and Barker (1973) . The suspension was placed in two orifices around the plant with a pipette, and each plant received 2 ml per orifice, 2.5 cm deep at a distance of 1.5 cm from the stem. Four months after inoculation the soil was removed from the plants and washed in running water, with care to not damage the root system.
The plants from the crosses were assessed for gall indices on the score scale proposed by Hartman and Sasser (1985) , ranging from 0 to 5: 0=no gall or egg mass, 1= 1-2 galls or egg masses, 2=3-10, 3=11-30, 4=31-100, and 5=more than 100 galls or egg masses. The plant that presented mean gall index and egg mass less or equal to 2 was considered tolerant to M. enterolobii. The root systems were processed to assess the number of eggs and later the reproductive factor was determined (RF=final population/initial population). The eggs were counted under a stereoscope. The genotypes were considered immune with RF=0, tolerant RF<1.00 and susceptible RF>1.00.
The plants from the crosses were genotyped with DNA markers to confirm their paternity. Leaves at the intermediate maturity stage were collected and the genomic DNA was extracted by the CTAB 2× method following the protocol by Doyle and Doyle (1990) . The genomic DNA concentration and integrity were observed in 0.8% agarose gels, stained with ethydium bromide, and the lambda DNA of 50 and 100 ng/µl was compared. The DNA samples of each genetic material were amplified for analysis of the microsatellite loci.
The 'Paluma' guava cultivar, the most planted in the region, was grafted on hybrids to assess compatibility. The full-cleft whip grafting method was used with a wedge-shaped cut that was inserted in the rootstock cleft.
RESULTS AND DISCUSSION
The two mPgCI 251 andmPgCI 252 microsatellite markers were sufficient to genotype and confirm the plants as true hybrids between GUA 161 PE × ARA 138 RR and GUA 161 PE × ARA 153 BA and the success of the pollination process used. São José and Pereira (1987) observed that emasculating the flowers, eliminating the anthers, sepals and petals at the calix rupture stage, prevented self-pollination and was an efficient method for controlled guava trees pollination.
Ogawa 2 is reported as being an interspecific hybrid between P. guajava and Psidium sp., developed in Rio de Janeiro (Pereira and Nachtigal, 2003) , but it is not evident whether it was the result of a controlled or natural crossing. Landrum et al. (1995) reported the existence of natural hybrids between P. guajava and P. guineense in three Latin American regions, taking as reference morphological and chemical traits.
Other crosses among tolerant P. friedrichstalianium and P. cattleyanum plants and plants of susceptible guava tree accession were carried out in the present study, but were not confirmed as interspecific hybrids when genotyped with the microsatellite markers. A cross between P. cattleyanum var. lucidum and P. guajava resulted in seedless fruits, and P. cattleyanum var. lucidum was considered octaploide and P. guajava diploide (Pommer and Murakami, 2009) . Chakraborti et al. (2010) reported that the number of chromosomes in P. guineense was 2n=44. The GUA 161 PE guava tree accession was considered amphidiploide, that is, with 2n and 4n cells in the same individual, when analyzed by flow cytometry (data not presented) suggesting that success with P. guineense could be attributed to n gametes and 2n formation in GUA 161 PE.
Five of the 33 plants of the ARA 138 RR accession were susceptible to M. enterolobii, while 2 of the 8 plants of the ARA 153 BA accession were susceptible and the others presented resistance to the nematode under study (Table 1) . These results indicated there was among and within variability in P. guineense for tolerance to the nematode. Maranhão et al. (2001) and Miranda (2011) also reported the existence of within variability in species tolerant to the nematode in wild Psidium species. Tolerance to M. enterolobii has been reported in P. guineense (Maranhão et al., 2003) , P. friedrichsthalianium and P. cattleyanum (Carneiro et al., 2007) . Conflicting results indicating susceptibility have been reported for P. guineense (Miranda, 2011) and P. friedrichsthalianium (Almeida et al., 2009) .
In the different number of eggs, 4000, 8000 and 12000 inoculated, great differences were not observed in the number of tolerant plants for the ARA 138 RR accession ( Table 1 ), suggesting that any one of these doses would correctly identify plant tolerance or susceptibility to the nematode. Burla et al. (2007) reported that inoculations of 500 or 2,000 eggs/plant were sufficient to select accessions and that the assessments should be made 135-180 days after inoculation. Carneiro et al. (2007) assessed Psidium accessions for tolerance to the nematode with 10,000 eggs, a number adopted in the present study.
All the plants derived from the GUA 161 PE × ARA 138 RR cross were tolerant to the nematode because they did not present gall formation in the root system (Fig. 1A) , and had reproductive factor equal to 0 (Table 2 ). In the GUA 161 PE × ARA153 BA cross, 7 plants presented gall formation (Fig. 1B ) and 3 presented a small number of galls and RF<1 (Table 2), indicating that there was variability in the hybrid. These data suggested that guava tolerance to the nematode is simply inherited with allele displaying dominance effect. Parents ARA 138 RR and ARA 153 BA should present alleles in homozygosis and heterozygosis, respectively, for the tolerance loci to the nematode. Conclusive data with chi-square could not be obtained because of the small number of hybrid plants assessed.
Seven of the eight plants of the GUA 161 PE × ARA 138 RR cross whip grafted on 'Paluma' were compatible (Fig. 1C) and hybrid plants have developed well in the field (Fig. 1D) , indicating high compatibility between the commercial guava trees species and the interspecific hybrids. According to Hatman et al. (1997) , compatibility in grafting is understood as that in which there is the successful union and satisfactory development of the plant composition. Carneiro et al. (2007) carried out experiments with rootstocks and obtained rates of 50% successful grafting between the 'Paluma' guava tree and P. cattleyanum, shortly after grafting but did not report the mid-term compatibility.
The results obtained permitted the conclusions that: 1) the controlled crossing methodology in guava trees can also be applied to interspecific crossings in the Psidium genus; 2) there are barriers or need for additional care in crosses between P. guajava and P. friedrichsthalianium and P. cattleyanum; 3) there is among and within variability in P. guineense accessions for M. enterolobii; 4) interspecific hybrids between GUA 161 PE × ARA 138 RR were highly tolerant to the nematode; 5) interspecific hybrids between GUA 161 PE × ARA 138 RR have presented similar growth to that of the guava trees and high compatibility with 'Paluma'.
Interspecific hybrid plants have been assessed for four months in a nematode infested field that will allow their tolerance to be proved in the long term, fruit production to be obtained with seeds that will allow genetic studies, such as genetic mapping, in segregant generations of these hybrids. Studies should be carried out to obtain hybrids with other Psidium species tolerant to M. enterolobii, which will enable wide identification of tolerance sources and effective and long lasting control of this nematode. Table 2 . Number of galls, number of eggs in the root system, reproductive factor (RF) and tolerance reaction (R) or susceptibility reaction (S) in two interspecific hybrids of Psidium guajava × P. guineense to Meloidogyne enterolobii assessed 120 days after inoculating with an initial population of 10,000 eggs. 
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